
Granular Activated Carbon - Phase 1 
System Evaluation 

(EG&G Workpackage Number 121 90-3) 

Progress Report to 
EG&G Rocky Flats Ehvironmental Technology Site 

for Activities from April 20 to May 31 I 1995 

by 
John J Coogan Kurt R Anast and Stephanie Stoddard 

Technical Contributors 
Chemical Science and Technology Division 

The Alternative Combustion Laboratory 
Los Alamos National Laboratory 

CST 18 Mailstop E525 
ph 505 665 0186 
FAX 505 665 8441 AOMlN RECORD 

May 30 1995 



Granular Activated Carbon Phase 1 System Evaluation Progress Report May 30 1995 

Executive Summary 
We have proposed that LANL demonstrate a treatment technology to remove and mat hazardous 
organics from spent granular activated carbon (GAC) Approximately 74 tons of GAC used for 
pond water decontarmnauon and OU2 remediation activitles are now stored at RFETS awating 
treatment for dsposal or reuse Existing steam r e f o m g  techmques (e g Synthetica) whle able 
to volitlllze enuamed orgmcs are unable to destroy them and produce large quantlues of 
secondary waste water What is needed IS a technology that can both separate the hazardous 
compounds from the GAC mamx and destroy them whde producing a mnmum of secondary 
waste Addmonally the technology must be able to handle the trace amounts of radoactive 
matenals present and respond to local stakeholder concerns The technology proposed combines 
conventlonai carbon regeneratlon with a novel off gas treatment technology based on plasma 
produced cold-combusuon Ths report summarizes acuvities under phase I of the program 
Ths work includes a techcal  review to deterrmne the apphcabihty of the proposed technology to 
the specifics of the RFETS GAC a prclinunary regulatory analysis of the pondwater and OU2 
GAC and a conceptual design of a full scale system suitable for operauons at RFETS A bnef 
summary of these findings follows 

I 
The proposed technology low temperature (200 C) GAC regenerauon followed 

by non thermal plasma destruction is technically sound Bio mass accumulation can be 
accommodated Analytical data provided by RFETS on the compounds conmned in the GAC 
show no techrucal show stoppers yithm either the regeneration or plasma stages The key 
technical issue that can be resolved 111 phase 2 is the efficiency of the system 

need to be answered before a final analysis can be made A real detenmnauon by CDPKE and 
possibly EPA must be made concemng whch if any of the GAC is controlled under RCRA 
RFETS rmght successfully argue that the treatment units at A 4  (outfall 005) B 5 (outfall 006) and 
C 2 (outfall 007) are regulated under the Clean Water Act With regard to the 70 ton pond GAC 
RCRA exclusions enst for waste water discharge upstream from Pond B 5 Arguments can be 
made that the GAC used to mat these wastewaters is RCRA exempt However the same GAC 
was also used to treat surface water flow onginaung in Operable Umts If CDPHE or EPA decide 
to regulate this surface water as contmnated media all or part of the GAC may be designated as 
listed hazardous waste A ruhg along these lines could potenually unpact the status of wastewater 
discharge from RFETS Interagency Agreements may ovemde these RCRA designatlons 
Prelmary exarmnatlon of analyucal results indcate that the GAC meets LDR treatment standards 
for hazardous waste found at 40 CFR 268 40 although no evaluation was made regarding the 
validity of the results Addmonal testmg may be required A preluntnary waste code of FOOl has 
been idenufied by RFETS for the 4 tons of GAC generated from OU2 actlwues Our prelmunary 
assessment is that the 4 tons are hkely to contam other listed consbtuents Preluxllnaq exmnauon 
of analyucal results lndrcate that ail the GAC may meet LDR treatment standards for charactensuc 
waste found at 40 CFR 268 40 Addtuonal testlng may be rcqurred In accordance with 40 CFR 
261 3(c)(4) regenerated GAC cau be reused without further RCRA Subtttle C regulauon untd it 
becomes spent matenal that must be regenerated agam or &sposed of 

feasible Esumated costs for a 100 lwhr system are 263k$ capital and 261U opcratmg No 
unusual uuhucs an reqmd and the estlmated footpnnt is loo0 to 1600 sq ft With adequate 
support a workrng system can be delivered to RFETS 111 FY96 

A survey of the regulatory dnvers has identlfied several key quesuons that 

The simg rcqulnments arc reasonable and a trader mounted system 1s 
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I Introduction 

The proposed system combines a well charactenzed and comerclally avadable technology to 
regenerate spent granular activated carbon (GAC) with an emerging and environmentally fnendly 
advanced oxldauon technology (AOT) to treat off gases It is our design phlosophy that is 
advantageous to destroy any hazardous vapors as they are generated and without the addition of 
any fuels or oxidants The use of commercially avidable low temperature carbon regenerauon 
allows for cost effectwe and dependable processing of the spent GAC GAC throughput system 
costs and the demonstrated abihty of thls technology to handle bio fouled carbon reduce nsk 
Non thermal plasma (NTP) off gas treatment offers several advantages 1 It is a robust 
technology requinng no added fuel mmmzing secondary waste Toxlc off gases generated from 
the GAC regeneration process are immedately treated simplifying Qsposal and removing storage 
and tramportauon expenses 2 Since significant water r e m s  m the GAC camsters the 
efficiency of thermal treatment u t s  IS reduced thls water will enhance removal rates withrn NTP 
reactors since the water is dissociated to form useful OH radicals 3 The NTP system can 
functlon in a wide range of off gas conditions from an oxygen nch (au lrke) to an inert gas 
matnx increasmg system flexlbrlity and simphfying the possible implementauon of a closed loop 
design NTP has demonstrated efficient destruction of VOCs to levels below 20 ppb 4 
Ongoing demonstrauon of low temperature thermal desorption (at RFETS) and soil vapor 
extraction (at industnal and DoD sites) using a LANL NTP reactor wlll assist in cost effectlve 
prototyping and if  necessary since the Colorado Department of Public Health and Environment 
(CDPHE) has already been bnefed on NTP reduced penning tunes 
A two phase project has been agreed upon by EG&G and LANL Hen we descnbe the results of 
phase I This prehrmnary analysis or reality check of both techcal and regulatory issues has 
demonstrated that the technology is capable of treaung the spent GAC now stored at RFETS The 
figures referenced in ths report correspond to the presentatlon graphcs (1 e transparencies) 
distnbuted to RFETS earlier 

I1 Regulatory Issues/ Needs 

We currently believe that there are three RCRA related issues Fust does the GAC cunently meet 
Land Disposal Restnctions (LDR) standards’ Second the specific charactenstlcs of the pondwater 
(70 tons) and OU2 (4 tons) GAC And third are there any impediments to reuse’ 

I1 1 Land Disposal Restrictions (LDR) Issues 

In order to evaluate whether or not the granulated acuvated carbon (GAC) meets the LDR 
standards one must consider fmt how the GAC could become regulated under the Resource 
Conservatlon and Recovery Act (RCRA) Once it is estabhhed that the GAC is mdeed regulated 
under RCRA allapphcable waste codes must be assigned to the waste in order to detemne whch 
LDR standards apply Of the 74 tons of GAC in questlon some was used to treat envuonmental 
m e l a  (OU 2 GAC) and some was used to mat enwonmental maha andor effluent from the 
Sewage Treatment Plant (70 ton GAC) Apphcable regulmons lnclude 

EPA s Conmned In pohcy 
The contamed in pohcy covers envmnmental m e l a  whch has b a n  contammated wth RCRA 
waste Both surface water runoff and groundwater are considered by the Envvonmental Protection 
Agency (EPA) to be envvonmental maha (57FR 986 1/9/92) 65FR 63850 12/5/91 57FR 
61497 12/24/92) Envlronmental meclra contarmnated with a RCRA hazardous waste must be 
managed as if the mela  were a hazardous waste unul it no longer contaans the hazardous waste 
Envlronmental media contauvng a charactcnshc hazardous waste r e m s  a charactenstlc waste 

J J Coogan et al page 3 
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unul1t  no longer exhbits the charactensuc Envlronmental mecha contamg a llste d hazardous 
waste remans a listed waste until it no longer contans the listed waste Surface u ater runoff into 
the A B and C senes ponds and OU 2 seep collection pond will be considered to be 
contmnated media if it is detemned that the water conmns a listed waste or the water is in itself 
c haractenstically hazardous 

The Denved from rule 40 CFR 261 3(c)(2)(i) Any solid waste generated from the treatment 
storage or disposal of a hazardous waste is a hazardous waste Residues (e g GAC) denved 
from the treatment of charactenstic wastes are only hazardous If they contmue to exhbit a 
charactenstic Residues denved from the treatment of listed wastes remam hsted u astes 

The mxture Rule 40 CFR 261 3(a)(2)(iii iv) In general a solid waste that is rmxed with a 
charactensuc hazardous waste remans hazardous only if it conmues to exhlbit a charactensuc If 
a solid waste is rmxed with a hsted waste the resulung rmxture will r e m  listed 

I1 2 Overall Approach to Waste Characterization 

40 CFR 262 1 1  requtres a generator of a sohd waste to detemne whether or not the solid waste is 
a hazardous waste accordmg to a specified hlerarchy The generator must deterrmne if the waste IS 

1 
2 
3 

excluded from hazardous waste regulauon 
listed in Subpart D of 40 CFR 26 1 (listed waste) and 
listed in Subpart C of 40 CFR 261 (charactenstlc waste) 

The generator can detemune if the waste is charactensuc by applying knowledge of the hazardous 
charactensuc of the waste or by tesung uuhng specified methods Ths herarchy will be used to 
evaluate the regulatory status of the GAC as follows 

II 2 A 70 Ton GAC Hazardous waste deterrmnauon for residue resulung 
from wastewater treatment 

The following exclusions could be used by RFETS to prevent the apphcauon of hazardous waste 
hstmgs via the rmxm rule to A and B senes GAC from waste water treated at the sewage 
treatment plant If these exclusions apply to the wastewater then the exclusions will apply to the 
treatment residue (GAC) 

I 

Domabc Sew- 

40 CFR 261 4(a) Matenals whch arc not sohd wastes 
other wastes that passes through a sewer system to a publicly owned treatment works for 
treatment Domestic sewage means untreated smtary wastes that pass through a Sewer system 

In the Federal Facdtty Comphance Act of 1992 Congress amended RCRA such that the domesuc 
sewage exclusion appltes to F&rally Owned Treatment Worics (FOTW) as long as 

1 the sewer contams untreated siuutaxy waste 
2 the facdity c o m p h  with apphcable pretreatment standards (If there are no pretreatment 

standards the waste must meet Land Disposal Restncuons pnor to entry mto the sewer ) 
3 each generator of the hazardous waste (defined as person or household ”) adds to the waste 

stream no more than lOOkg/mo or lkglmo of acutely hazardous waste 

Any rmxture of domesuc sewage and 

I 
i 
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The Act language also dates that it is unlawful to introduce a hazardous waste into in F O l X  One 
could argue that as long as numbers 1 3 above are adhered to hazardous waste introduced to an 
FOTW would cease to be solid waste and therefore could not be hazardous waste 

The codified language at 40 CFR 261 4(a)( 1>(ii> defines domesuc sewage to mean untreated 
sanitary wastes that pass through a sewer system However a judge in Federal Dismct Court 
(Puerto Rxo) ruled that domestlc sewage must come from residences in order for thls exemption to 
apply On the other hand Pantex has found a way to use thls exclusion RFETS will have to 
make a detemauon regardmg the utdity of h s  exclusion in hght of waste streams generated and 
overall waste management strategies at the plant 

Wastewater Disc- 

40 CFR 261 3(a)(2)(iv) Defimbon of a hazardous waste 
hazardous waste if it is a mxture of solid waste and one or more hazardous wastes listed in 
subpart D [unless] the generator can demonstrate that the rmxture consists of wastewater the 
discharge of whch  is subject to regulauon under either secuon 402 or secuon 307(b) of the Clean 
Water Act 

A solid waste as defined in 261 2 is a 

The Preamble to the May 19 1980 Federal Register (Part III Idenbficauon and Listlng of 
Hazardous Waste) dscusses applicauon of rhe wastewater discharge exclusion in light of the 
RCRA statute and legislative hstory (45FR 33098) EPA defends RCRA junslctlon over 
indusmal wastewaters pnor to dscharge and defines discharge as a term of art under the Clean 
Water Act (CWA) refernng only to- the addmon of any pollutants to navigable waters 

It appears as though h s  wastewater exclusion could be used to elirmnate potenual listed waste 
codes from the 70 Ton GAC only if the A senes and B scnes ponds are considered navigable 
waters of the Umted States 

RFETS Suxface Water and Sammy Waste Opcrauons groups enforce admrntstraave controls to 
prevent introducuon of hazardous waste into the Sewage Treatment Plant Assumng RFETS 
chooses not to utllize either of the exclusions discussed above to d e t m n e  if any hsted waste 
codes could be applied to the 70 ton GAC from the STP waste water effluent RFETS could rely 
on in place admttllstrauve controls to argue that no hazardous wastes are treated m the STP 
Otherwise RFETS must evaluate potenbal listed waste streams (such as P or U wastes) and test 
the 70 ton GAC for the specific regulated hazardous consbtuent(s) found at 40 CFR 268 40 for 
each hsted waste Under RCRA any known introductions of hsted waste into the Sewage 
Treatment Plant must be apphcd to the GAC 

Analytical results show that the 70 ton GAC meets LDR standards for TC charactensuc waste 
DO04 DO43) A process knowledge detematton for the charactenstlcs of iptabd~ty 
corrosivity and reacuvity should be sufficient to e l m a t e  a DO01 DO02 or DO03 waste 
designauon 

Conclusion With respect to of the 70 ton GAC -W- from 
the Sewage Treatment Plant !%%e LDR standards for charactensttc wastes If M S  
mmtiilLls that adrmmstrauve controls arc suflicient to elrrmnate lntroducuon of hted waste mto the 
Sewage Treatment Plant and there have been no accidental drscharges of hsted wastes rnto the 
plant then the portlon of the 70 ton used to treat wastewater efauent docs not need to meet any of 
the LDR standards for listed wastes 

J J  Coogan eta1 page5 
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II 2 B 70 Ton GAC Hazardous waste deterrmnation for residue resulting from 
treaung contarmnated media 

Surface water runoff into the A B and C senes ponds will be considered to be contammated 
media if  it is detemned that the water contams a listed waste or the water is in itself 
charactensucallv hazardous 

None applicable 

A techcal venficauon 1s needed whether or not hsted constituents from IHSS s could have 
unpacted the contammated mela collected at the ponds If CERCLA investlgatlons mdicate that 
listed constituents were present in the pond water then RFETS must test the 70 ton GAC at a 
rmnimum for the specific regulated hazardous constrtuent(s) found at 40 CFR 268 40 for each 
listed waste EPA/DCHPE could ~ U K C  apphcatlon of the F039 waste code to GAC if more than 
one hsted waste is idenufied Thts waste designatron could prove problemauc from the stand point 
that environmental mela (not the GAC) could easily remam subject to RCRA regulation after it 
passes through the GAC urnt because the GAC cannot remove F039 consutuents The F039 waste 
designauon requlres analysis for a large (up to 200) number of consutuents 

If the results of the tcchcal evaluatlon mdcate that no listed waste Impacted the pond water then 
the GAC is subject to charactenstlc waste detematlon only As stated below the GAC meets the 
LDR standards for charactenstlc wastes However as for any process knowledge/acceptable 
knowledge detematlon RFETS must be correct and keep at the fachty documentatlon 
substantlating th~s deterrmnauon 

If the results of the techtllcal evaluatlon arc urconclusive RFETS may go to EPNCDPHE and 
request that the contammated medla be considered charactenstlc waste only (55 FR 8758) 

Analyucal results show that the 70 ton GAC meets LDR standards for TC charactenstlc waste 
(DO04 DO43) A process knowledge deterrmnatlon for the charactenstlcs of i p t a b i h t y  
corrosivity and reactlvity should be sufficient to e l m a t e  a DO01 wO2 or DO03 waste 
designatlon 

conclusion If the techcal evaluatlon shows no hsted hazardous waste unpacted the pond water 
or The EPNCDPHE detemne the contarmnated mela can be managed as a charactenstic waste 
the 70 ton GAC meets LDR standards 

II 2 C OU 2 GAC Hazardous waste detematlon for residue multmg from trcaung 

Exclusions 

none apphcable 

contammat& &a 
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Listed waste deterrmnauoq 

RFETS personnel have indicated that the pnrnarv source of contammauon of the OU 2 pond water 
is Pad 903 The site was used from 1958 to 1967 to store drums contiumng machme cuttlng 011s 
and solvents A prelimnary waste code of F001 has been applied to the OU 2 GAC Review of 
Approved Procedures and interviews with RFETS and LANL personnel confirmedl the Fool 
listing provided that 1 1 trichloro 1 2 2 tnfluoroethane (a potential F002 listed waste) was not 
used for its solvent properties Small amounts of F003 listed solvents (acetone and methanol) 
were also used in clemng operatlons 

Analysis results provided showed levels of FOO1 consutuents well below the LDR lrcatment 
standards However F002 and F003 consutuents were not analyzed RFETS must get a 
deterrmnauon from EPNCDPHE as to whether all regulated hazardous consutuents k e d  in 40 
CFR 268 40 for FOO1 F005 waste must be analyzed or if only those constltuents attnbuted to the 
FOO1 and F003 listlngs an appropnate 

Analyucal results show that the OU 2 GAC meets LDR standards for TC charactenstlc waste 
(DO04 W 3 )  perhaps with the excepuon of DO 15 and DO 17 (Th~s is not to say that the TCLP 
values were exceeded for these constituents These consutuents may have been analyzed and 
reported under a different name) A process knowledge detemnatlon for the charactenstics of 
igmtabdity corrosivity and reacuvity should be sufficient to elmmate a DO01 DO02 or DO03 
waste designatlon 

Conclusion At a -mum F003 and perhaps F002 constltuents should be analyzed If the 
analysis for the other constltuents was performed by mass spec the analytlcal laboratory may be 
able to reevaluate the analysis results agunst  the^ hbrary and report concentmuons for the mssing 
consutuents It is llkely that the analysis will show levels below the concentrauons specified and 
the OU 2 GAC will meet LDR standards Secondly further analysis may indtcate that other listed 
consutuents from MSS s impacted the contammated medta. If so the F039 waste designauon 
could be apphed (see above) 

I1 3 Reuse of Carbon 

There are regulatory advantages to onsite regeneratlon of the GAC40 for reuse CFR 
26 1 3(c)(2)(I) states that matenals reclauncd from sohd wastes and arc used beneficially an not 
solid wastes and hence arc not hazardous wastes under the denved from rule unless the nclumed 
matenal IS burned for energy recovery or used in a manner consututmg Qsposal Onsite 
regeneratlon for reuse therefore avoids many of the issues just d~scusscd 

In accordance wtth 40 CFR 261 l(c)(4) A matenal is reclamed if it is processed to recover a 
usable product, or if it is regenerated Examples are recovery of lead values from spent battcnes 
and regenemon of spent solvents Further EPA defined reclauncd matenal as follows We 
defined reclanmuon to coamtute either regeneratlng waste matends or praassrng waste 
matenals to recover usable products In essence reclamatlon mvoIves regenemon or matcnal 
recovery Wastes arc regenerated when they an processed to remove contamJnants m a way that 
restores them to thert usable onpal condrtlon (50 FR 633 1/4/85) Regenerated GAC can be 
reused without further RCRA Subatle C regulauon untd it becomes spent matenal that must be 
regenerated agam or drspsed of 

Th~s work lrectly addresses several Rocky Flats strateg~c Objectlves Obj #1 Rapid 
implementauon of thls technology wdl enable the tlmely &sposal of wastes in a cost-effectlve and 
envmnmentally responsible manner The off gas treatment system has already been granted a 
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I 

RCRA waste treatment facrlity p e m t  from the state of hew Mexlco greatly reducwg the tire 
required for a local pemt Dunng public comment on thls pemt feed back from local 
stakeholder groups about non thermal plasma processes was very positive ob j  #3 Public nsks 
are reduced by the implementation of a closed loop process design which elimnates uncontrolled 
stack emssions (includmg both hazardous chemcal emssions and rad lofting) through the 
recycling of exhaust gases 

IV GAC Regeneration Technology 

The GAC regenerauon sub system will remove orgamc contarmnants from the carbon m a w  to 
either improve the effectlveness of the carbon for future use or prepare the carbon to meet land 
disposal restncuons Commercial systems arc avadable that can handle both the chemcal (target 
orgmcs) and physical (water content bio-mass) charactenstlcs of the pondwater and OU2 GAC 
Several configurauons are avadable includmg rotary lulns vertical furnaces and tray lulns (see 
FIGURES 10 11 12 13) but all share the same basic layout Fvst a feed mechamsm delivers 
the GAC at a controlled rate Ths allows for steady state opermon and sunpltfies the mantenance 
of a constant temperature Second the GAC IS moved through a heated chamber to vaponze the 
water and volitilize the orgmcs Thud the off gases are vented and the dry clean carbon IS 
collected The maxlmum reqmd temperature is detemed by the boilmg pomt of the target 
organics Analysis provided by RFETS show the pnnciple orgmc contarmnants to have boiling 
points below 150 C One exception is pentachlorophenol found in al least one sample with a 
b p of 309 C See table below 

Compound 
acetone 57 1200 
methylene chionde 40 150 
1 2 dichloroethane 84 80 
chloro phenylmethyl phenol 100 50 
dodecanoic acid 13 1 50 
pentachlorophenol 309 80 
carbontetrachlonde 77 none detected 

Boihng point (b p ) 'C ppb in TCLP sample 

TABLE 1 

Higher temperatures (600 700 C) arc only requlred when one needs to reacuvate the carbon 
Thls process selecuvely enlarges the pores of the carbon to mcreasc its absorpuve capacity After 
several low temperature regenerations the capacity of the carbon to trap orgatllcs wlll have 
decreased and it will be necessary to reacuvate the cleaned carbon before it can be reused It is 
therefore deslrable that the carbon regenerator have the capabhty to operate at a range of 
temperatures from 150 to 700 C W e  each of the 4 commercial umts can be englnared to meet 
ths specificauon our recommendatton is the lower cost rotary luln A schemmc of the proposed 
regenerauon u t  is shown in FIGURE 14 

System throughput is easlly calculated see FIGURE 16 Smce most of the off gases arc produced 
from vohtlitzlng water rnto steam, the water content of the GAC is an mportant engrneenng 
parameter Data provrded by RFEl'S show that water content vanes from 40 to 42% (that is 60% 
solids) Therefore a 100 lb per hour system operatlng at 175 C wlll produce 40 lbs of steam (35 
scfm) and 60 pounds of clean dry carbon per hour After the steam is treated m the NTP system 
the water can be either condensed resultlng m an easlly controlled exhaust swam of only a few 
slpm vented up a stack or our preferred optlon recycled 

GAC regeneration is a mafun rehable technology It is well cstabLshcd that it is able to handle 
both the chemcal and physical proprues of both the pondwater and OU2 generated GAC What 
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IS laclung IS an off gas ueatment svstem optlrmzed for the hlgh water vapor content gases 
generated by the regenerauon process 

V Introduction to Non thermal Plasmas 

Yon thermal plasmas (NTP) have demonstrated destrucuon and removal efficiencies (DE) from 
95 to >99 999% for such ubiquitous solvents as TCE TCA and PCE dunng field 
aemonstrauons Laboratory tests (imually performed under a Rocky Rats mcmerator alternatlves 
imuatlve) have measured simlar removal rates for a range of chlonnated solvents PCB surrogates 
(&chlorobenzene) carbon tetrachionde p cumene benzene toluene xylene (BTX) SOX NOx 
and CFCs Operatmg at ambient temperatures and pressures NTps generate copious quanuues of 
hghly reacuve h e  radrcals whch rapidly and efficiently dtssociate hazardous orgamcs In humd 
=an steams for example chlonnated solvents are oxrdned to produce carbon dIoude water and 
hydrochloric acid LANL s NTP reactor is the off gas treatment sub system w i h n  a two-stage 
technology whch has received the first RCRA RD&D p e a t  from the state of New Mexlco 
(pemt # NM089OO10515 RDD1) 

The use of plasmas can provide an efficient way to produce the h e  d c a l  conccntrauons requmd 
for complete destruction of waste Plasmas can generate very energeuc ( hot ) electrons (typical 
energy range of 1 10 eV) whch arc very efficient at creatlng free radrcals (mcludmg atomc 
oxvgen and hydroxyls) without adding the enthalpy associated with very hgh gas temperatures 
Thus reaction rates associated with temperatures of 10 OOO K to 100 OOO K can be realized whle 
the actual gas temperatures remannear ambient These cold plasmas can be very energy 
efficient for waste destrucuon because most of the work goes rnto enhancmg the chermstry without 
sipficantly rasmg the gas temperature and without addmg adQtlonal fuel to the process 
Addmonally these system requlrc no added fuel or oudants The radrcals an generated from the 
constltuents already w i h  the off gas For GAC regenerauon steam provides the raw matenals 
for the producuon of hydroxyl (OH) d c a l s  whch aggressively attack organrc contarmnants One 
of these cold plasma processes the silent dtscharge plasma or SDP offers supenor treatment 
capabdities compared to other cold plasma techtuques (corona for example) 

Sllent dtscharge cold plasmas are commonly produced with near atmosphenc pressure dscharges 
called dielectnc bamer or silent dtscharges Typically one or both electrodes an covered with 
dielectnc layers (e g glass) whch separate them from the gas (see FIGURE 20) Th~s 
arrangement is an old one fmt employed by Siemens in 1857 and sui1 used today for the 
mdustnal productlon of ozone At gas pressures of 1 10 mospheres and gap spacmgs of a few 
&meters without the d~electnc a few localized mtense arcs would develop m the gas between the 
metal electrodes With a dtelecmc and the apphcauon of alternahng high voltages (50 or 60 Hz 
power frcquency to tens of kdohtra) substantlal quantlues of plasma are created by a large 
number of mrcrodrscharges m the gas whch are stat~sucally spread m space and tune f&g the 
reactor volume Bccause of the short durauon (a few nanoseconds) of the mcrodmharges and the 
low ion mob&= electncal energy in dent Qscharges is pnncipally coupled mto electron 
channels elcctmns ions and gas do not equllrbrate so the electrons an hot wide the other 
species are cold T ~ I S  results rn a very efficient transfer of electncal energy to electrontc 
excitatlons of m o l d c s  and/or chemtcal processes m the plasma, whle the temperawe of the bulk 
medlum remams at ambient temperature The abhty to -tam a discharge docs not depend 
hghly on the composicron of the feed gas (nebuhed orgmc or aqueous/orgamc rmxturcs) and 
rcqulrcs no added fuel Srnce most of the elecmcal energy g a s  mto fne radrcal formauon and 
very httle mto heaturg the gas the pnmss has demonstrated very hgh dcstrucaon efficiencies 
yieldmg very attractwe economcs of luiograms of waste destroyed per kW hr of elecmcity 
consumed Secondary waste strcams typically contam the completely oxldlzfd products of the feed 
constltueno pnmanly CQ and H20 with HCI from chlorocarbon waste 
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In field tests conducted at DOE s Savannah Rwer Site (FIGURE 21) the output trom a vapor 
extracuon svstem contatning from 700 to over 4000 ppm of PCE TCE and TCA was treated wlth 
D E  s ranging from 95% to 99 9999% Additional filed demonstrauons are planned ths summer 
at Tinker AFB and ths spnng at a sermconductor fabncauon facillty The technology is cost 
compeutive and will prepare for the advent of even more stnngent air pollution regulations SDP 
has also been idenufied as an offgas treatment withn the FFCA for DOE s EG&G Mound facilitv 
where SDP will be part of a facllity treatlng a mxed PCB/tntlum waste sueam TSCA pernuts will 
be submtted next spnng As part of the L T D  demonstration at RFETS NTP has already been 
reviewed by the Colorado department of Public Health and Environment (CDPHE) (FIGURE 22) 
Additionally upon completion of both techcal  and public reviews LANL s NTP system has 
received a RCRA RD&D pemt from the New Mextco Enwonmental Department Recently a 
commercialization workshop identlfied industnal partners to k g m  productlon of h s  equipment 
The technology can help address Rocky Flats comphance needs in a umely cost effectlve manner 

In phase II of ths effort several issues related to SDP treatment of off gases generated from 
regenerauon of acuvated carbon will be specifically addressed For steam based regeneratlon 
schemes the behavior of the lscharge with hgh concentrauons of water vapor wdl be explored 
We predict very hgh productlon of OH ralcals from the dissociatlon of H20 but specific 
measurements arc requued to specify a full scale system Sirmlar tests could also be done using 
hot mtrogen rcgeneratlon schemes We predict less efficient volatduauon of organics from the 
carbon but other advantages such as a simplified closed loop design may rmugate this problem 
The metncs for final system design will be dependability efficiency and find waste form Rocky 
Flats ER and WM personnel will be consulted to ensure the final design meets theu needs 

V Conceptual Design of "full scale" System 

The following assumptlons have been made 
74 tons of feed m a t e d  (GAC plus water) 
Thermal oxldatron (I e mcmerauon) is not acceptable 
Technology must meet stakeholder and RFETS concerns for on site treatment 
Reasonable footpnnt and utllity nqulrcments 
Implementation w i h n  FY 96 or 97 (scale dependent) 
Acceptable to CDPHE (if pemttmg is requad) 

A flow diagram of the proposed system is shown in FIGURE 25 Spent GAC is fed from a 
storage bin into a rotary iuln operatlng at 125 to 250 C (dependent upon the target compound with 
hghest bohng pornt) The luln voLthzcs both the water and the orgamcs contamed in the GAC 
Off gases composed mostly of steam are Sent rmmelately mto a non thermal plasma system 
operatmg at the eut temperature of the luln The o r p c s  are oxldncd by the reactlve hydroxyl 
radcals generated rn the plasma from the water vapor already present No fuel of oxidants arc 
added to the gas stream After treatment 111 the plasma chamber water vapor is condensed and the 
byproducts of the cold plasma combushon arc scrubbed out Th&s water will be cleaned and can 
be sent through a conventional waste water treatment plant. Any remauung gases are sent back 
into the GAC storage bm An mert earner gas may be used The cleaned dry GAC is nady for 
reuse or &sposal When hgh tempernut reactlvatlon 1s nquued, the dry GAC is agam sent mto 
the luln Thls ume it is treated at a hgher temperatures to nacuvatc the carbon pores whlch trap 
orgamcs As a precautlon off gases from h s  process could agatn be treated wthm the plasm 
chamber 

Given ths it was detemned that a 100 l b h  system operable for 24 Wday (8 hour days also 
possible but less efficient) would meet RFETS needs Thts system would be able to treat the 74 

1 
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tons of spent G4C in a 13 month campaqn The foot pnnt of ths svstem is shown in FIGLRE 
26 The estimated footpnnt of the complete system is lo00 to 1600 square feet If deslred by 
RFETS the system could also be trader mounted and moved from site to site Power can be 
supplied by either 208 VAC 3 phase 200 amp or 480 VAC 3 phase 100 amp services Scaling of 
the GAC umt cost and footpnnt is based on interviews with manufacturers of the equipment If 
useful we can provide catalogs company names and contacts A 5 7 ton chller s j  stem is also 
required 

NTP scaling uses the following method The approach that we have adopted for this work is to 
use the plasma energy per unit volume (or deposited electncal power dvided by ga! flow rate 
P/Q) as the key parameter to detenme the degm of removal of contarmnants enmned in the gas 
stream fed to the SDP stage The target P/Q is Uely to be in the range 200 500 J/std liter 
Energy density removal scahng relauonshps are descnbed below 

In many cases the removal of a contarmnant X can be approxrmated by an exponentlal decay 

where Ix] is the resulmg concentrauon R]o is the mud concentraaon E is the applied specific 
energy or P/Q and b is the e fold energy density Supplyrng one b of energy density to the reactor 
reduces the concentration by l/e two b s reduces it by l/e2 and so on In an ideal case when E is 
plotted versus In ([XI/ [XIo) a straght line of slope b results Therefore the b value can be 
easily detemned from data presented m such a removal plot For some cases the removal plot is 
not necessanly a straght hne so such a slope detenntned b-value is only an approxlmauon 
Nevertheless it is stlll quite useful over a h t e d  range of e folds 

b values are usually Dven rn base e untts It is also conventent to express b rn base ten units 
because then it represents the energy density requlred to reduce the conmunant concentrauon by a 
factor of ten The removal 1 ((X]/(X]o) is often expressed m terms of a destrucuon and removal 
efficiency (DRE) of so many runes e g three mneS removal (or 99 9%) is acheved by 
supplymg the reactor with three base ten b s For base ten umts the removal equatlon IS 

where the base ten exponenud foldmg factor a = b In 0 1 = 2 3 b Thrs simple formula is the 
basis of an engineenng model used to generate scaltng factors for hgher flow rates (FIGURE 29) 

To increase the removal b o o n  [X]/[x]o for a Dven gas r m x ~ n  E must be increased 
Because E = P/Q E can be mcrcascd by either mcreaslng P or quvaiently decnasrng the flow 
rate Q for a given cell power "S can be accomphshed by h t l y  mc-g the power to the 
cells Alternattvdy by b w b g  a gven gas flow mto several parallel cells the overall energy 
density for the total flow can be effecuvely increased We prefer the second approach of 
modulanzatron, whereby a cell of desuable propcrues is rephcatcd many trmts Such 
modulanzanon &g of sdent k h a r g e  cells has been previously demonstrated for the mdustnal 
scale synthesis of ozone when munrcipal water treatment plants fnquently requm the on site 
generatlon of thousands of luiograms per day T ~ I S  also s q M s  sca&ng as the flow per cell rn a 
large system is the same as the flow per ceUm the smaller lab based system. 

The b-value depends on the particular compound, the gas mxturc and to some extent the 
conccntrauon of the contanmant From the previous LANL work wth sp&d gases the decadic 
energy density (1 e a value) for acetone IS cstmatcd to be 150-200 J/std hter For the smng of 
the qwpment we have assumed a more conservmve value of 25OJ/std liter and a target DRE of 
99% Th~s requues an energy density of 500 Nstd hter Scahg  to the target flow rate of 35 scfin 
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see figure 29 provides the lOkW power required An imporcant deliverable of pha e I1 is the ;f 
value for table I compouds withm steam 

At Los Alamos we have had considerable expenence with both laboratory bench scale and field 
deployed SDP umts The basic concept recommended for the RFETS system is a plirallel gas fed 
arrangement of simple flat plate modular umts The mechmcal detals of how the modules are 
held together the secondary contiilnment vessel design and plumbing and electncal connecuons 
for the cells and feedthroughs for the secondary contamment vessel are considered F W ~  of the 
detaded design and are not included in thls document 

A table of operahng parameters for a 35 SCFh4 module is presented below The electrical power 
input will increase in propomon to the number of modules employed The sections that follow 
discuss specific aspects of the parameters or how these relate to system components 

SDP Unit Operating Parameters 
Parameter Value or Range 

Gas flow rate (through SDP module) 
Plasma energy density in gas 
Electncal power mput 
Cell voltage 20 kV rms 
HV transformer step up ratio 
Cell gas pressure 
Cell pressure drop Neghgible 
Gas temperature (mput) 120 150C 

35 SCFM (987 std literhn) 
250 JAit (1 decade) 500 JAit (2 decades) 
10 kW (1 decade) 20 kW (2 decades) 

60 1 
Appronmately ambient absolute pressure 

The total number of cells wlll be chosen to give the design energy density and gas flow rate when 
the cells are operated in parallel Each cell will be operated at a flow of Q/N and a power density of 
(P/N)/A where P and Q arc the total power and flow respccuvely N is the number of cells and A 
IS the achve electrode area of each cell Previously demonstrated values of power density (power 
per umt area) wdl be used as the design basis 

A 10 kW system will requve 10 to 20 cells depending upon the power density A conservahve 
design will use 20 cells These cells will be arranged in two stacks of 10 Each stack will be 14 5 
inches wide and 27 inches long (the same size as cfielectnc plates) For forced hquid temperature 
control each stack includmg press system, is 30 mches hgh The two stacks an assembled onsite 
withm a secondary contammcnt vessel approxlmately 4 feet wde by 6 feet long by 4 ft h g h  The 
weight of the fully assembled system, tZtcluding power supply is less than lo00 lbs A 12 kW 
power supply wdl be appraxlmately 3 feet by 2 feet by 5 feet and weigh 700 Ibs Commercial 
system can provide pnmary power for $0 80 to $1 00 per watt Estrmated capital costs for the 
non thermal plasma off gas treatment system (cells control system power supplies pumps 
valves 

The power supply is usually an oscillator power ampMier u t  that 1s commercially avatlable as a 
standard product item. Suggested manufacturers an the Elgar company and Cahfoma Instruments 
company figher efficiencies an possible if a simple inverter c m t  1s used These power 
supphes can be budt m house or a c q d  through o z o m r  manufacturers The hqh voltage 
transformer and hlntng mductor an mdwduallydesigned items madc to desrgner speclficatlons by 
electncal specialty firms (we have been satlsfied with umts from Stangenes hdustnes Inc ) The 
recommended transformer stepup ratro of 60 1 is based upon our expenence with available 
commercial smusoidal waveform power supplies and thev cumnt ratmgs for dnvmg a typical cell 
stack capacitlve load The value of the t u n g  mductance depends upon the desrnd OperaUng 
repeutlon frequency and the cell and transformer capacitances The power supply hgh voltage 

) arc glven as a functlon of power in FIGURE 30 
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transformer and power factor correction inductors will be specified in the detaled design An 
serm automatic control and data acquisition is recommended 

Based on interviews of regeneration equipment and the just dlscussed NTP scaling algonthm 
dlrect costs (not including personnel to monitor GAC hardware and fabncate NTP hardware) IS 
263 k$ Operaung expenses based on continuous operation are estimated to be 26 1 k$ More 
detailed IS provided in FIGURES 3 1 and 32 

VI Experimental Plan(s) for Phase I1 

Specific tasks for phase two will depend upon the pnonties set by RFETS waste management and 
environmental restoration The key techtlical issue rematns the measurement of the requmd energy 
density for treatment of the TABLE 1 compounds to RFETS standards Previously we have 
worked with iuc like and mert gas mxes with water content from 0 to 15% Operauon wrth the 
close to 100% water vapor for h s  project requms addmonal study The presence of such hgh 
water vapor concentrauons should increase the productlon of OH radtcals and result in a more 
efficient system Unfortunately it 1s also possible that dscharges m steam may be become more 
tightly filamented resultlng m a less efficient system However based on our expenence with off 
gas streams for thermal treatment mts the water should not be a problem as long as the cells are 
mamtamed at >lo0 C to prevent condensauon The expenmental setup shown in FIGURE 34 will 
provide thls data and generate the scaling parameter a in joules/liter that is required for find 
specification of the full scale system We propose two alternate phase two efforts for the 
remsunder of FY95 Fmt task IIA the ongmally planned constructron of a prototype GAC 
treatment system includes both a commercial GAC regenerator and the NTP off gas system This 
prototype shown m FIGURE 35 can be used m FY 96 for either extended lab testrng at LANL or 
upgraded for delivery and lmplementatlon at RFETS Secondly an altcrnatrve effort focuses on 
the expenmental setup in FIGURE 34 and will dehver only the offgas system The advantage of 
the first optlon is the avsulabhty of a complete pilot scale system for either lab or field 
demonstrauons in early FY96 The second option while costtng less in FY95 would requue 
more support m Fy 96 to reach the field demonstmuon stage We hope to pmcipate with RFETS 
WM/ER personnel to idenufy the most productlve mplementatlon schedule for ths technology 
for both the remamder of FY95 and outyears The specifics of these two optlon follow 

Task IIA Start procurement of long lead ume items carbon regenerator and SDP power 
supphes Assemble batch GAC regenerator and SDP subsystems and begm tests with steam a,u 
llke and inert (non-oxldmng) gas streams Assemble complete system Thrs work wlll 
demonstrate 3 sub-systems 
1 The GAC ngenerauon equipment wIU be purchased from an outside vendor and m a f i e d  to 
meet our needs Thts is the most costly piece of equipment (35 k$) and also has a long lead m e  (4 
months) 
2 The SDP sub3ystem wIU be &fferent that those built 111 the past. The SDP design for t&s 
project w d  allow tnamlent very humd gas streams mcludrng steam, without any condensauon 
withm the cells Power supphes heating control and electnd cbagnosucs wdl be designed and 
bllllt mto the system. Some matcnals optlrmzauon may be reqrund. 
3 The gas handhg system wdl allow for recychg of system exhaust, ehmatmg gaseous 
ermssions For the full scale system thu wdl reduce the danger of rad loftmg when radronuclrde 
contarmnated GAC is used Aabonally ths system wdl allow the smdtaneous usc of several 
exlstlng chemcal &agnosucs GC/MS and FTIR for quant&ahon of orgame removal and 
byproduct fornuon IR detectron of CO/C02/02 for process momtonng and an FID for easy 
measurement of total hydrocarbons These dragnosucs WIU be oparmzed for both the specific 
orgmcs to be treated and the gas matNt that w d  be canylng them. 



FULL SCALE SYSTEM CAPITAL COSTS 

DIRECT COSTS 
Equipment 

Feed Hopper 
Screw Feeder 

$2,000 
$1,500 

Rotary Kiln $60,000 
Discharge System $5,000 
SDP Unit $50,000 
Heat Exchanger $6,500 
Chiller $1 0,000 
Hot Oil m r  $1 0.000 

TOTAL $145,000 

Installation @ 45% $65,000 

Instrumentation @I 0% $1 5,000 

Piping & Electrrcal@ 25% $38,000 

TOTAL DIRECT COST $263,000 



I FULL SCALE SYSTEM OPERATING COSTS 

LABOR 
2 operatordshift @ $35/hr $1,68OIday 
I engineerlday @ $lOO/hr $800/day 

I UTILITIES 
Electrical 

Argon 2 bottleslday $1 OOlday 

TCLP, water, gas $5001day 

CONSUMABLES 

ANALYTICAL 

TOTAL $3,48OIday 

TOTAL COST @ 15 weeks of operation $261,000 - 
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Until the delivery of the GAC regenerator the complete system will be tested using an In house 
sem batch GAC regenerator and steam generator Thls system will allow a complete nng out of 
the other subsystems Laboratory tests will work first wlth surrogate matenals that approxtmate 
the contarmnants of interest to RF enwonmental restoration and waste management When 
possible actual samples from RF will be tested at Los Alamos When the GAC regenerator amves 
(capacity about 20 50 lbs/hr) it will be installed and tested We will prepare for testmg of the 
integrated system with three goals 1 Stamng from the present state of the art designs opumze 
volatilization from the GAC as a functlon of temperature pressure flow rate and gas 
composition A key metnc will be the volume and form of the secondary waste stream 2 
Quantify off gas treatment for a range of compounds as a functlon of gas compositlon and NTP 
power for the most promsing regeneration schemes 3 Demonstrate the uuty of closed loop 
I e gas recycling designs These systems will recirculate exhaust gases from the non thermal 
plasma reactor back mto the regenemon chamber ehnat lng exhaust stacks and the potenaal for 
releases of tonc or rachoactlve vapors A fiscal year end report wdl include a conceptual design 
produced with LANL s englneenng design team and a more detded regulatory review by CST 
27 s RCRA team of a system suitable for field work at Rocky Flats a summary of our data a 
more detaled design of the hture field umt and an evaluatlon of the performance of the 
regenerated carbon ' lhs informaaon will be presented for review at RFETS on or around 
September 10 In the summer of 1995 LANL NMRT/rT and RFETS personnel will meet to 
discuss the optmal mrx of actlvitles for FY 96 Based upon those Qscussions and the review of 
September 10 we wlll produce a detaded plan for FY96 
Task IIA Summary Prototype fabncation and testlng 6/1/95 9/30/95 

a FabncatdAcqum pdot scale GAC regenemon chamber 
b Design and fabncatlon thermal plasma reactor 
c Design and fabncate gas scrubbers and pumps 
d Test with surrogates for both ER and WM GAC 
e Evaluate NTP treatment of off gases 
f Data summary and analysis 
Program review at RFETS (9/10/95) and final report (9/30/95) 

Cost estlznatc 
CST SM 10 FTEs 245U 
CST Tec 0 8 FIEs 112k$ 
CSTGRA 075 FI'Es 31 k$ 
NMRT SM 0 33 FTEs 88k$ 
M&S 21 1 k!§ includes major procurements GAC regenerator ( 3 5 s )  and power supply (30 k$) 
Total 687s  (program tax may add 3%) 

Mdestone 
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